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Description 

The present invention relates to optical fiber tech- 
nology. More specifically, the present invention re- 
lates to techniques for splicing optical fiber. s 

While the present invention is described herein 
with reference to illustrative embodiments for partic- 
ular applications, it should be understood that the in- 
vention Is not limited thereto. Those having ordinary 
skill in the art and access to the teachings provided io 
herein will recognize additional modifications, appli- 
cations, and embodiments within the scope thereof 
and additional fields in which the present invention 
would be of significant utility. 

At present, only a few optical fiber manufacturers 15 
have the capability of making long, high strength, low 
loss, high quality fibers. Accordingly, optical fiber 
splicing is required more and more frequently to meet 
certain demanding applications. 

High strength, low loss optical fiber splicing re- 20 
quires: 1) proper fiber preparation, 2) proper fiber 
alignment prior to fusion, 3) the bringing together and 
mating of the fibers during the fusion process, and 4) 
application of a precise temperature profile during the 
fusion and post fusion annealing processes. 25 

Control of the temperature profile is of particular 
importance. The temperature profile is the timing of 
the application of specific amounts of thermal energy 
for controlled durations. Fiber splicing with inade- 
quate control of the temperature profile may result in 30 
thermal shock, i.e., structural damage to the fiber. 

Conventional fiber splicing techniques include 
hydrogen/oxygen flame torching, H-C1 gas flame 
splicing, and electric arc fusing. Hydrogen/oxygen 
flame torching was not an automated process. The 36 
temperature of the fiber had to be controlled by the 
operator. Splice quality was inconsistent due to the 
dependence on the skill of the operator. It was also 
difficult to align and control the movement of the fib- 
ers with the precision necessary to achieve a low loss 40 
splice. Hence, hydrogen/oxygen flame torching suf- 
fered low yields of high strength, low loss, high quality 
optical fiber due to poor control of the temperature 
profile, alignment and movement of the fiber. 

H-C1 gas flame splicing was known to yield high 45 
strength splices, but H-C1 gas was found to be ex- 
tremely hazardous. 

Electric arc fusing is an automated process by 
which a computer controlled fiber positioner aligns 
the fiber ends face-to-face until optimum transmis- 50 
sion is achieved through the junction, A high voltage 
is applied to two electrodes creating electric art in- 
duced heat. With an appropriate temperature profile, 
the temperature of the fiber reaches the melting point 
of glass, surface tension pulls the fiber ends together 55 
and the ends are fused. With insufficient heat, the 
glass will not melt With excessive heat, the fiber 
ends melt away from each other. 



While effective in providing a high strength splice, 
electric arc fusing has certain shortcomings. First, as 
with torch and flame splicing, it is somewhat difficult 
to control the temperature profile with this technique. 
Secondly, the Ionized air gases generated by the 
electrode, tend to contaminate the fuslbn surfaces. 
As a result of the above problems this technique 
tends to yield inconsistent results. 

Other prior art examples of optical fiber splicing 
apparatus and methods are disclosed in DE-A- 
3019425 and EP-A-0292145. Of these, DE-A- 
3019425 discloses an optical fiber splicing system 
comprising: 

positioning means for moving end portions of 
at least two optical fibers until said end portions are 
in relative alignment at a splicing location; 

a source providing a high intensity beam of en- 
ergy; 

means for directing the high intensity beam of 
energy along a beam path Intersecting said splicing 
location; and 

focus control means for controlling the focus of 
said beam and thereby controlling the tempeiature 
profile of the energy at said splicing location. 

There is, however, still a need in the artfor an opt- 
ical fiber splicing system which affords better control 
of the splicing temperature without contamination. In 
addition, there is a need for a system which would ap- 
ply fusion heat without disturbing the alignment of the 
fiber ends and without causing thermal shock to the 
fiber. Further, there is a need for a system which 
would provide consistent high strength, low optical 
loss fusion splicing. 

The need in the art is addressed by the present 
invention which provides an improved optical fiber 
splicing system. 

According to the present invention, there is pro- 
vided an optical fiber splicing system comprising: 

positioning means for moving end portions of 
at least two optical fibers until said end portions are 
In relative alignment at a splicing location; 

a source providing a high intensity beam of en- 
ergy; 

means for directing the high intensity beam of 
energy along a beam path intersecting said splicing 
location: and 

focus control means for controlling the focus of 
said beam and thereby controlling the temperature 
profile of the energy at said splicing location; 

characterised by controller means including a 
microprocessor adapted to operate the focus control 
means to provide an optimum temperature profile 
throughout each of the various stages of the splicing 
operation. 

The present invention further provides a method 
of splicing end portions of at least two optical fibers 
Including the steps of: 

a) positioning an end of each of at least two opt- 
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ical fibers in relative alignment at a splicing loca- 
tion; 

b) directing a high intensity beam of energy at 
said splicing location; and 5 

c) controlling the focus of said beam and thereby 
the temperature profiie of the energy applied to 
said splicing location; 

characterised in that the focus of said beam Is 
controlled by controller means including a micropro- io 
cesser to provide an optimum temperature profile 
throughout each of the various stages of the splicing 
operation. 

Specific embodiments of the present invention 
are now described, by way of example only, with ref- is 
erence to the accompanying drawings, in which:- 
Fig. 1 is an operational block diagram of the opt- 
ical fiber splicing system of the present invention; 
Fig. 2 is a simplified perspective diagram of the 
optical fiber splicing system of the present inven- 20 
tion; and 

Fig. 3 is a block diagram showing the electrical 

connections between the central components of 

the system of the present invention. 

Fig. 1 is an operational block diagram of the opt* 25 
ical fiber splicing system 11 of the present invention. 
The system 11 includes a fiber holder 13 which holds, 
for splicing, an end of a first coil of optical fiber 15. An 
xyz fiber positioner 17 is included for holding an end 
of a second coil of optical fiber 19. The fiber holder 13, so 
xyz positioner 17 and associated controller 21 (not 
shown) are of conventional design and may be pur- 
chased from such manufacturers as the Klinger Sci- 
entific Company. 

The end of the fibers 1 5 and 1 9 are moved into a 35 
coarse face-to-face coaxial longitudinal alignment at 
a junction 23 over a microscope objective 25 by the 
controller 21 . An Image is provided by the miaoscope 
25 which is displayed on a television monitor 27 (not 
shown). A first 45 degree mirror 26 allows for a view- 40 
ing. through the microscope 25, of the fiber ends at 
the junction 23 from a second angle. 

The second fiber 19 is fed to the fiber positioner 
17 through a local light injector source 29. The first 
fiber 15 is fed to the fiber holder 13 through a local 45 
light source sensor 31 . The local light injection source 
and sensor are of conventional design and may be 
purchased from such manufacturers as the Ando Cor- 
poration of Japan. During the alignment of the fibers 
prior to splicing of same, the local light source injects 50 
an optical signal into the second fiber 19 which Is 
transmitted thereby over the junction 23 into the first 
fiber 15. The optical signal strength in the first fiber 
1 5 is detected by the local light injector sensor 31 . The 
injector sensor 31 provides an electrical signal, indi- 55 
cative of the signal strength in the first fiber 15, to the 
xyz fiber positioning controller 21 via an interface con- 
troller 33 (not shown), A coarse alignment is provided 
by the xyz fiber positioner 17, controlled manually by 



the operator via the TV monitor and the local light in- 
jector readout, while a fine or precise alignment is ac- 
complished by the preprogrammed controller 21 and 
the fiber positioning system including the injector 
source 29, sensor 31 and xyz positioner 17. That is, 
the suitably programmed controller 21 commands the 
fiber positioner 17 to bring the fibers together and to 
begin to align the fibers so that the lowest loss is ob- 
tained. 

Afterthe fibers are in precise alignment, in accor- 
dance with the present teachings, the fusing of the 
fibers 15 and 19 is accomplished by directing a high 
intensity beam of energy at the junction 23 of the fib- 
ers and controlling the focus of the beam to provide 
an optimum temperature profile of the energy applied 
to the splice. The beam 37 is provided by a laser 35. 
In the preferred embodiment, the laser 35 is a con- 
ventional 5 watt CW (continuous wave) CO2 laser op- 
erating at the 10.2 micron wavelength necessary to 
heat the fibers. 

The laser beam 37 is directed to the splicing junc- 
tion 23 by second and third 45 degree mirrors 39 and 
41 through a focus control assembly 43. As illustrated 
in the diagram of Fig. 2, the focus control assembly 
43 includes a first movable lens 45, and second and 
third stationary lens 47 and 49. The position of the 
first lens 45 is controlled by the position controller 21 
through a translation table and the selective activa- 
tion of a D.C. motor 51 . The motor 51 is shown as a 
block to illustrate that alternative lens actuation 
schemes may be used without departing from the 
scope of the present Invention. For example, a co- 
axial type motor drive may be used to position the 
lens within the scope of the present teachings. 

During the fusion process, the controller program 
commands the fiber positioner 17 to bring the fibers 
closer together. Heating continues and the tempera- 
ture decreases as a result of the controller 21 moving 
the lens 45. After the completion of the fusion proc- 
ess, the operator simply rennoves the fibers from the 
holders. 

Fig. 2 also illustrates the location of the micro- 
scope objective 25 relative to the fiber holder 13 and 
the fiber positioner 17. The longitudinal axis of the 
beam 37 is transverse to the longitudinal axes of the 
fibers 15 and 19. The laser beam 37 is dumped into 
a beam blocker 50 such as a fire brick. 

Thus, as energy from the beam is applied to the 
fibers 15 and 19 at the junction 23, the lens 45 is 
moved to change -the focus thereof to provide an op- 
timum temperature profile for the fibers being spliced. 
One of ordinary skill in the art will be able to deter- 
mine desired spot size and temperature prof fle used 
by the controller 21 to provide optimum control of the 
lens position during the splicing process. 

The controller Includes a microprocessor which 
executes a simple servo control program to provide 
control signals to the motor 51 effective to position 
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the lens 45 to provide the desired beam spot size and Claims 
hence an optimum temperature profile. In the prefer- 
red embodiment, the control program was written in 
basic. 5 

Fig. 3 is a block diagram showing the electrical 
connections between the central components of the 
system 11 of the present invention. Four channels of 
output are provided by the controller 21 , three to con- 
trol the three stepper motors which provide x, y, and io 
z axis positioning of the fiber positioner 17, and one 
to control the axial movement of the first lens 47 of the 
focus control assembly 43. 

The laser 35 is powered by a laser power supply 
36 which is switched by the controller 21 . The position 
controller 21 and the interface controller 33 receive 
power from a conventional power driver 38. Other 
power supplies and power connections have been 
omitted for the purpose of illustration. Those sicilled in 
the art will be able to provide the necessary power 
connections for each of the components shown. Op- 
timal alignment data from the local light sensor 31 is 
provided to the controller 21 through the interface 
controller 33 to signal the initiation of the fusion proc- 
ess. 25 

Prior to splicing, the fibers should be prepared in 
a suitable conventional manner. The temperature pro- 
file should include a prefusing step during which the 
fibers are exposed to lower temperatures to burn off 
dust and other particles deposited on the surface of 30 
the fiber. Post fusion annealing and annealing steps 
should also be included within the profile to minimize 
thermal shocii. In a post fusion annealing step, the 
beam spot size may be increased to four to five fiber 
diameters about the spliced junction. This allows a 35 
gradual cooling to reduce heat stress. During the an- 
nealing step, the spot size may be increased to 10 - 
1 5 fiber diameters for further controlled cooling. The 
temperature profile depends on individual character- 
istic of the optical fiber. 40 

The system 11 Is enclosed within a cabinet 53 
having hinged covers 55 and 57. An electrical inter- 
lock (not shown) disconnects power to the laser 35 
and activates a mechanism (not shown) which moves 
the first mirror 26 into and out of operational position 45 
on the opening and closure of the covers 55 and 57. 

Thus, the present invention has been desaibed 
herein with reference to a particular embodiment for 
a particular application. Those having ordinary skill in 
the art and access to the present teachings will rec- so 
ognize additional modifications applications and em- 
bodiments within the scope thereof. 

It is therefore intended by the appended claims to 
cover any and all such applications, modifications 
and embodiments within the scope of the present in- 55 
vention. 



1. An optical fiber splicing system (11) comprising: 
positioning means (17) for moving end 

portions of at least two optical fibers (1 5, 1 9) until 
said end portions are in relative alignment at a 
splicing location (23); 

a source (35) providing a high intensity 
beam (37) of energy; 

means (39, 41) for directing the high inten- 
sity beam (37) of energy along a beam path inter- 
secting said splicing location (23); and 

focus control means (43) for controlling 
the focus of said beam (37) and thereby control- 
ling the temperature profile of the energy at said 
splicing location (23); 

characterised by controller means (21) in- 
cluding a microprocessor adapted to operate the 
focus control means (43) to provide an optimum 
temperature profile throughout each of the vari- 
ous stages of the splicing operation. 

2. A system according to claim 1 , wherein said focus 
control means (43) includes a first lens (45) in the 
path of said beam (37). 

3. A system according to claim 2, wherein said focus 
control means (43) includes motor means (51) 
operatively connected to said first lens (45) for 
selectively moving said first lens (45) along said 
beam path toward and away from said splicing lo- 
cation (23). 

4. A system according to claim 3, wherein said focus 
control means (43) includes second and third 
lenses (47, 49) in optical alignment with said first 
lens (45). 

5. A system according to any preceding claim, 
wherein said positioning means (17) includes 
light source means (29) for injecting optical ener- 
gy through a first one of said optical fibers (15, 
19) and into a second one of said optical fibers 
(15« 19) through said relatively aligned end por- 
tions. 

6. A system according to claim 5. wherein said pos- 
itioning means (17) includes means (31) for sens- 
ing the optical energy in said second one of said 
optical fibers (15,19). 

7. A system according to any preceding claim, 
wherein said positioning means (17) includes a 
monitor (27) for providing an indication of the rel- 
ative position of said optical fibers (15, 19). 



8. A method of splicing end portions of at least two 
optical fibers (15, 19) including the steps of: 
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a) positioning an end of each of at least two 
optical fit)ers (15, 19) in relative alignment at 
a splicing location (23); 

b) directing a high intensity beann (37) of en- 
ergy at said splicing location (23); and 

c) controlling the focus of said beam (37) and 
thereby the temperature profile of the energy 
applied to said splicing location (23); 

characterised in that the focus of said 
beam (37) is controlled by controller means (21 ) 
including a microprocessor to provide an opti- 
mum temperature profile throughout each of the 
various stages of the splicing operation. 



Patentanspruche 

1. Ein SpleiBsystem (11) fiir optische Fasern mit 
einer Positioniervorrichtung (17) zum Bewegen 
von Endteilen von wenigstens zwei optischen Fa- 
sern (15, 19) sowelt, bis die Endtelle bei einem 
SpleiRort (23) sich in einer relativen Ausrichtung 
zueinander befinden; 

einer Quelle (35) zur Bereitstellung eines Ener- 

giestrahtes (37) mit hoher tntensltat; 

einer Vorrichtung (39, 41) zum Fuhren des Ener- 

giestrahles (37) mit hoher Intensitat entlang eines 

Strahlpfades, der den Spleiikirt (23) schneidet; 

und 

einer Fokus-Regelvorrichtung (43) zum Einstel- 
len des Fokusses des Strahles (37) und dadurch 
zum Einstellen des Temperaturprofils der Ener- 
gie bei dem Spleiliort (23). g ekennzeichnet durch 
eine Regeieinrichtung (21), die einen Mikropro- 
zessor enthalt, der ausgelegt ist, die Fokus-Re- 
gelvorrichtung (43) derart zu betreiben, dad sie 
fur ein optimales Temperaturprof il uber eine jede 
der verschiedenen Stufen des Splei&vorganges 
hinweg sorgt 

2. Ein System nach Anspruch 1, worin die Fokus- 
Regelvorrichtung (43) in dem Pfad des Strahles 
(37) eine erste Linse (45) enthalt. 

3. Ein System nach Anspruch 2, worin die Fokus- 
Regelvorrichtung (43) eine Motorvorrichtung 
(51) enthalt, die operativ mit der ersten Linse (45) 
verbunden ist, um die erste Linse (45) selektiv 
entlang des Strahlpfades zu bewegen, und zwar 
hin und weg von dem Splei(k)rt (23). 

4. Ein System nach Anspruch 3, worin die Fokus- 
Regelvorrichtung (43) zweite und dritte Linsen 
(47, 49) in optischer Ausrichtung mit der ersten 
Linse (45) enthalt 

5. Ein System nach einem der vorigen Anspruche, 
worin die Positioniervorrichtung (17) eine Licht- 



quellenvorrichtung (29) enthalt, zum Injizieren 
von optischer Energie durch eine erste der opti- 
schen Fasern (15, 19) hindurch und in eine zwei- 
5 te der optischen Fasern (15, 19) hinein, und zwar 

uber die relativ zueinander ausgerichteten End- 
telle. 

6. Ein System nach Anspruch 5, worin die Positio- 
10 niervorrichtung (17) eine Vorrichtung (31) ent- 
halt, um die optische Energie in der zweiten der 
optischen Fasern (15, 19) zu detektieren. 

7. Ein System nach einem der vorigen Anspruche, 
15 worin die Positioniervorrichtung (17) einen Moni- 
tor (27) enthalt, um eine Anzeige der relativen Po- 
sition der optischen Fasern (15, 19) bereitzustel- 
len. 

20 8. Ein Verfahren zum VerspleiRen von Endteilen 
von wenigstens zwei optischen Fasern (15, 19). 
welches die Schritte umfa&t 

a) Positionieren eines Endes einer jeden der 
wenigstens zwei optischen Fasern (15. 19) In 

25 relativer Ausrichtung zueinander bei einem 

Splei&ort (23); 

b) Fuhren eines Energiestrahles (37) mit ho- 
her Intensitat zu dem Spleiliort (23); und 

c) Einstellen des Fokusses des Strahles (37) 
30 und damit des Temperaturprof lies der Ener- 
gie, die bei dem Spleiliort (23) aufgewendet 
wird, dadurch gekennzeichnet, daR 

d) der Fokus des Strahles (37) von einer Steu- 
ereinrichtung (21) geregett wird, die einen Mh 

35 kroprozessor enthalt, um fur ein optimales 

Temperaturprofil uber einen jeden der ver- 
schiedenen Stufen des Spteiflvorganges hin- 
weg zu sorgen. . V. - 

40 

Revendicatlons 

1. Systeme (11) d'^pissage de fibres optiques 
comportant : 

45 des moyens (17) de positionnemenl desti- 

nes d deplacer des parties extremes d'au moins 
deux fibres optiques (15. 19) jusqu'a ce que les- 
dites parties extremes solent en allgnement rela- 
tlf en un emplacement (23) d'epissage ; 

so une source (35) produisant un faisceau 

d'^nergie (37) ^ haute intensity ; 

des moyens (39. 41) destines a diriger le 
faisceau d'energie (37) a haute intensite le long 
d'un trajet de faisceau coupant ledtt emplace- 

55 ment (23) d'epissage ; et 

des moyens (43) de commande de focali- 
sation destines a commander la focalisation dudit 
faisceau (37) et a commander ainsi le profil de 
temperature de I'energie audit ennplacement (23) 
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d'6pissage ; 

caracterlse par des moyens (21) de 
commande comprenant un microprocesseur 
con9u pour faire fonctionner lesdite moyens (43) s 
de commande de focalisation afin de produire un 
profil de temperature optimal pendant la totality 
de chacun des divers stades de Toperation 
d'^pissage. 

10 

2. Systeme selon la revendication 1, dans lequel 
lesdits moyens (43) de commande de focalisation 
comprennent une premiere lentille (45) sur le tra- 
jet duditfaisceau (37). 

15 

3. Systeme selon la revendication 2, dans lequel 
lesdits moyens (43) de commande de focalisation 
comprennent un moyen a moteur (51) relie fonc- 
tionnellement a ladite premiere lentille (45) pour 
deplacer selectivement ladite premldre lentille 20 
(45) le long dudit trajet du faisceau afin de la rap- 
procher et I'eloigner dudit emplacement (23) 
d'^pissage. 




B1 10 

te intensite sur ledit emplacement d'^pissage 
(23) ; et 

c) k commander la focalisation dudit faisceau 
(37) et ainsi du profil de temperature de i'ener- 
gie appliquee audit emplacement d'epissage 
(23) : 

caracterise en ce que la focalisation dudit 
faisceau (37) est commandee par des moyens 
(21) de commande comprenant un microproces- 
seur pour 6tablir un profil de temperature optimal 
durant la totality de chacun des divers stades de 
reparation d'epissage. 



4. Syst6me selon la revendication 3, dans lequel 25 
lesdits moyens (43) de commande de focalisation 
comprennent des deuxieme et troisieme lentllles 

(47, 49) en alignement optique avec ladite pre- 
miere lentille (45). 

30 

5. Systeme selon Tune quelconque des revendica- 
tions precedentes, dans lequel lesdits moyens 
(17) de positionnement comprennent un moyen 
(29) a source de lumifere destine a injecter de 
rinergie optique dans une premiere desdites fi- 35 
bres optiques (15, 1 9) et dans une seconde des- 
dites fibres optiques (15, 19) a travers lesdites 
parties extr§mes relativement align^es. 



6. Systeme selon la revendication 5, dans lequel 40 
lesdits moyens (17) de positionnement compren- 
nent un moyen (31) destine a capter Tenergie op- 
tique dans ladite seconde desdites fibres opti- 
ques (15, 19). 

45 

7. Systeme selon Tune quelconque des revendica- 
tions precedentes, dans lequel lesdits moyens 
(1 7) de positionnement comprennent un moniteur 
(27) destine a fournir une indication de la position 
relative desdites fibres optiques (15. 19). 50 

8. Precede d'epissage de parties extremes d*au 
moins deux fibres optiques (15, 19), comprenant 
les etapes qui consistent : 

a) a positionner une extremite de chacune 55 
d'au moins deux fibres optiques (15, 19) en 
alignement relatif en un emplacement d'epis- 
sage (23) ; 

b) a diriger un faisceau d'energie (37) de hau- 
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FIG. 3 
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